
CONGENITAL: TRICUSPID VALVE
Tricuspid valve replacement provides better long-term
survival and tricuspid valve function than repair in
patients with systemic right ventricle
Akihisa Furuta, MD, PhD, Takeshi Shinkawa, MD, PhD, Satoshi Okugi, MD, Hisashi Yoshida, MD, and
Hiroshi Niinami, MD, PhD
ABSTRACT

Objective: The purpose of this study is to compare the long-term outcomes of 2
different tricuspid surgeries including valvuloplasty and replacement for significant
tricuspid regurgitation in patients with systemic right ventricle.

Method: This is a retrospective study of 34 patients with dextro-transposition of
the great arteries or levo-transposition of the great arteries with biventricular cir-
culation and systemic right ventricle undergoing tricuspid valve surgery between
April 1979 and April 2022. Patients were divided into 2 groups based on the proced-
ure: tricuspid valvuloplasty (n¼ 11) and tricuspid valve replacement (n¼ 23). These
groups were compared in terms of survival, tricuspid valve dysfunction, and
tricuspid valve–related reoperation.

Results: There was no significant difference between the groups in operative age,
body weight, the proportion of dextro-transposition of the great arteries, Ebstein-
like tricuspid dysplasia, and preoperative right ventricular volume/function. During
the median follow-up of 9.7 years, there was 1 early death (tricuspid valvuloplasty
group) and 4 late deaths (3 in tricuspid valvuloplasty group and 1 in tricuspid valve
replacement group). There were 7 tricuspid valve dysfunctions, including 6 signifi-
cant tricuspid regurgitations in the tricuspid valvuloplasty group and 1 prosthetic
valve dysfunction in the tricuspid valve replacement group, and 4 tricuspid valve-
related reoperations (3 in the tricuspid valvuloplasty group and 1 in the tricuspid
valve replacement group) were performed. There were significant differences be-
tween the groups in survival (tricuspid valvuloplasty vs tricuspid valve replacement:
72.7 vs 94.7% at 10 years after surgery, P ¼ .0328) and cumulative incidence of
tricuspid valve dysfunction at 10 years after tricuspid surgery (tricuspid valvulo-
plasty vs tricuspid valve replacement: 27.3% vs 0%, P ¼ .0121).

Conclusions: Tricuspid valve replacement provided better long-term survival and
tricuspid function in patients with systemic right ventricle compared with tricuspid
valvuloplasty. (JTCVS Open 2023;15:382-93)
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TVR provided better long-term outcomes than
valvuloplasty.
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CENTRAL MESSAGE

TVR provided better long-term
survival and tricuspid valve func-
tion in patients with systemic RV
and biventricular circulation
compared with TVP.
PERSPECTIVE
The favorable procedure for systemic TR remains
unclear in patients with systemic RV and biven-
tricular circulation. TVR will provide better long-
term outcomes in terms of survival and tricuspid
valve function. This will be applied to both l-TGA
and d-TGA.
Patients with levo-transposition of the great arteries
(l-TGA) without operative history or with a history of con-
ventional repair and patients with dextro-transposition of
the great arteries (d-TGA) with a history of atrial switch
operation have the morphological right ventricle (RV) sus-
taining systemic circulation in biventricular circulation.
Because of the exposure to systemic blood pressure and
structural problem of the tricuspid valve, some patients
will develop tricuspid regurgitation (TR) and require
tricuspid valve surgery for significant TR.1-5 Tricuspid
valve surgery was generally divided into 2 types: tricuspid
valvuloplasty (TVP) and tricuspid valve replacement
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Abbreviations and Acronyms
d-TGA ¼ dextro-transposition of the great arteries
l-TGA ¼ levo-transposition of the great arteries
RV ¼ right ventricle
TR ¼ tricuspid regurgitation
TVP ¼ tricuspid valvuloplasty
TVR ¼ tricuspid valve replacement
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(TVR); however, the optimal procedure remains unclear in
patients with the systemic RV because of the small number
of patients.

This study aims to assess the long-term outcomes of
tricuspid valve surgery for patients with systemic RV and
clarify the clinical differences between TVP and TVR.
PATIENTS AND METHODS
Patient Population and Study Design

This study is a retrospective cohort study of consecutive patients who

were diagnosed with l-TGA or d-TGA with biventricular circulation and

systemic RV and underwent TVP or TVR for significant TR at the Tokyo

Women’s Medical University Hospital between April 1979 and April

2022. A total of 34 patients were enrolled and divided into 2 groups based

on the procedure: TVP (n ¼ 11) and TVR (n ¼ 23). Medical records were

reviewed, and basic demographic, intraoperative, and postoperative data

were analyzed. These groups were compared in terms of survival, tricuspid

dysfunction, tricuspid valve–related reoperation, and the size and function

of the RV.

This study was approved andmonitored by the TokyoWomen’sMedical

University’s research ethics committee (Institutional Review Board Num-

ber: 22-0563, November 25, 2022). The need for patient consent was

waived because of the retrospective, registry-based study design. This

study was performed in conformity with the Declaration of Helsinki.

Evaluation and Definition
Preoperative and postoperative diameter, volume, and function of RV

were assessed by transthoracic echocardiography or angiography. RV

end-diastolic volume in angiography was expressed as percentage of the

normal value based on the normal value,6 and RV function was evaluated

by fractional shortening and fractional area change. Tricuspid valve

dysfunction was defined as significant TR (more than moderate) or pros-

thetic valve dysfunction including prosthetic valve stenosis (inflow

>2 m/s) or more than a moderate paravalvular leak. Early mortality was

defined as death within 30 days of tricuspid valve surgery regardless of

discharge or death in the same admission. Late mortality was defined as

any death after discharge.

The primary end point of this study was the group difference in long-

term survival, and the secondary end point was the group difference in

long-term tricuspid valve dysfunction.

Operative Indication and Procedure
Tricuspid surgery was performed under general anesthesia with transe-

sophageal echocardiography support. Cardiopulmonary bypass was estab-

lished with ascending aorta perfusion and bicaval or right atrium drainage.

Intermittent cold crystalloid cardioplegia was administered after aortic

crossclamping. Hypothermic perfusion was occasionally introduced based

on the patient’s status. The choice between TVP and TVR depended on the

anatomic conditions and the surgeons’ decision. TVP included resection/

plication, artificial chordae tendineae technique, and annuloplasty such
as the Kay-Reed technique or ring annuloplasty using a complete ring.

The type of prosthetic valvewas decided after consultation with the patient.

A concomitant procedure was added based on the hemodynamics, and the

epicardial pacemaker system was placed as necessary. For patients with

mechanical valves, the postoperative anticoagulation goal was set for inter-

national normalized ratio of 2.0 to 2.5 with oral coumadin.

Statistical Analysis
All statistical analyses were performed with JMP Pro version 16 soft-

ware (SAS Institute Inc) and EZR version 1.61 (Jichi Medical University).

Data of continuous variables were presented as mean� standard deviation

for normal distribution and as median (25th–75th percentile interval) for

non-normal distribution after confirming by the Shapiro–Wilk test. Cate-

gorical variables were presented as a number (proportion). A statistical sig-

nificance in the analysis of contingency tables was assessed by the Fisher

exact test. The normally distributed and non-normally distributed contin-

uous variables between the groups were assessed by the Student t test

and the Mann–Whitney U test, respectively. The actual survival time was

estimated from the date of tricuspid valve surgery to the date of all-cause

death or the last contact. Actuarial survivals were analyzed by the

Kaplan–Meier curve, and a group comparison was conducted by the log-

rank test. The competing risks regression model was developed to describe

the cumulative incidence function according to the method of Fine and

Gray. The cumulative incidence of tricuspid valve dysfunction and

tricuspid-related reoperation was calculated with death as competing for

failure events.
RESULTS
Patient Characteristics
Thirty-four patients were enrolled. There were 11 pa-

tients in the TVP group and 23 patients in the TVR group.
The TVP group included 3 d-TGA and 8 L-TGA patients,
and 5 L-TGA patients did not have a surgical history. The
TVR group included 6 d-TGA and 17 L-TGA patients,
and 12 L-TGA patients did not have a surgical history.
The mean age was 20.7 � 16.8 years (range, 1-50 years)
in the TVP group and 26.8� 13.4 years (range, 3-51 years)
in the TVR group with no significant differences
(P ¼ .8662). The proportion of the young patients aged
less than 15 years was also similar (5/11 in TVP and 7 in
TVP, P ¼ .4382). There were no significant differences be-
tween the groups (TVP vs TVR) in body weight (37.6 �
17.3 kg vs 50.9 � 17.0 kg, P ¼ .0637), time from the func-
tional repair (14.8 [7.3-22.6] years vs 23.8 [11.7-35.3]
years, P ¼ .3361), and comorbidities. Dyslipidemia and
chronic renal failure (creatinine>2 mg/dL) were not found
in both groups. Seven patients (1 in the TVP group and 6 in
the TVR group) had a history of pacemaker implantation for
sick sinus syndrome or atrioventricular block. Previous
atrial switch operations in 9 patients with d-TGA were 6
Senning and 3 Mustard operations.
Preoperative echocardiography showed that almost all

patients (97%: 33/34) had more than moderate TR. The
most frequent reason for TR was abnormal cusp or chordae
in the TVP group and annular dilatation in the TVR group.
Preoperative catheter studies demonstrated that end-
diastolic volume (121 [106-167] vs 133 [121-153] percent
JTCVS Open c Volume 15, Number C 383
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of normal, P¼ .5256) and ejection fraction (51.6%� 7.4%
vs 47.6%� 7.4%, P¼ .2401) of RVand cardiac index vol-
ume (2.9 � 0.7 vs 2.8 � 0.5, P ¼ .6159) were not signifi-
cantly different between groups. Patient characteristics are
summarized in Table 1, and the surgical intervention flow
chart is shown in Figure 1.

Operative and In-Hospital Outcomes
In the TVP group, valvuloplasty included annuloplasty in

7 patients, including the Kay-Reed technique in 5 and ring
annuloplasty in 2, resection/plication in 4, and artificial
chordae tendineae technique in 1. The size of the ring was
30 mm in 2 cases. In the TVR group, mechanical prostheses
with a mean size of 29.9� 2.6 mm (range, 26-33 mm) were
used in 21 patients, and bioprosthetic valves were used in 2
patients (29 mm and 31 mm).

A total of 36 concomitant procedures except for pacemaker
or implantable cardiac defibrillator–related procedures were
performed in 23 patients, and the most frequent concomitant
procedure was surgical ablation. Pacemaker and cardiac re-
synchronization therapy devices were newly implanted in 4
TABLE 1. Patient characteristics

Variable T

Patient number, n

Age (y) 2

Male, n (%)

Body weight (kg) 3

Primary disease

d-TGA, n (%)

l-TGA, n (%)

Without a history of cardiac surgery

Time from the functional repair (y) 14.

Comorbidity

Hypertension

Hyperuricemia

Cerebrovascular disease

Arrhythmia

Advanced or complete atrioventricular block

Atrioventricular nodal reentrant tachycardia

Atrial fibrillation

Sick sinus syndrome

Ebstein-like tricuspid dysplasia

Tricuspid valve regurgitation

Mild-moderate

Moderate

Severe

Preoperative catheter study

Right ventricular end-diastolic volume (% of normal) 12

Right ventricular ejection fraction (%) 5

Cardiac index (L/min/m2)

TVP, Tricuspid valvuloplasty; TVR, tricuspid valve replacement; d-TGA, dextro-transposit
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patients (1 in the TVP group and 3 in the TVR group) and 2
patients (TVR group), respectively. Cardiopulmonary bypass
timewas not significantly different between the groups (TVP
vs TVR: 127.9 � 41.3 minutes vs 150.0 � 71.0 minutes,
P¼ .3544), whereas aortic crossclamp timewas significantly
longer in the TVR group than in the TVP group (67.4� 35.2
minutes vs 103.4 � 49.5 minutes, P ¼ .0421). Operative re-
sults are summarized in Table 2.

There was 1 early mortality in the TVP group. A 1-year-
old boy, whowas diagnosed with d-TGA and underwent the
atrial switch operation (the Senning operation) at the age of
9 months, underwent TVP; however, he died of bleeding on
the first postoperative day. In-hospital complications were 3
arrhythmia-related events (2 in the TVP group and 1 in the
TVR group) and 2 surgery-related bleeding events only in
the TVR group. The mean length of intensive care unit
stay in was 4.0 (3.3-5.8) days in the TVP group and 3.0
(2.3-4.8) days in the TVR group (P ¼ .698), and the
mean length of hospital stay was 20.5 (15.8-35.3) days in
the TVP group and 20.0 (14.0-24.0) days in the TVR group
(P ¼ .5864).
VP group TVR group P value

11 23

0.7 � 16.8 26.8 � 13.4 .8662

5 (45%) 15 (65%) .4575

7.6 � 17.3 50.9 � 17.0 .0637

3 (27%) 6 (26%) 1.0000

8 (73%) 17 (74%) 1.0000

5 (45%) 12 (52%) 1.0000

8 (7.3-22.6) 23.8 (11.7-35.3) .3361

2 (18%) 6 (26%) 1.0000

1 (9%) 2 (9%) 1.0000

1 (9%) 0 (0%) .3235

5 (45%) 13 (57%) .7166

2 (18%) 6 (26%) 1.0000

1 (9%) 3 (13%) 1.0000

1 (9%) 3 (13%) 1.0000

1 (9%) 1 (4%) 1.0000

1 (9%) 4 (17%) 1.0000

1 (9%) 0 (0%) .3235

4 (36%) 9 (39%) 1.0000

6 (55%) 14 (61%) 1.0000

1 (106-167) 133 (121-153) .5256

1.6 � 7.4 47.6 � 7.4 .2401

2.9 � 0.7 2.8 � 0.5 .6159

ion of the great arteries; l-TGA, levo-transposition of the great arteries.
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N = 5
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Systemic Right
Ventricle

Ebstein-like
dysplasia

N = 4

Abnormal
cusp/chordae

N = 6

Annular
dilatation

N = 4

Type of surgery
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TVP (N = 11)
dextro-TGA 3
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N = 1
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N = 1

TR > moderate
N = 3
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FIGURE 1. Surgical intervention flow chart. The proportion of d-TGA and l-TGApatients was similar in both groups. Themost frequent reason for TRwas

abnormal cusp or chordae in the TVP group and annular dilatation in the TVR group. Tricuspid valve–related reoperations were performed in 4 patients.

There was 1 early mortality and 4 late mortalities in this study. TVP, Tricuspid valvuloplasty; TVR, tricuspid valve replacement; TGA, transposition of the

great arteries; TR, tricuspid regurgitation.
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Late Outcomes
During the median follow-up of 9.6 (2.1-20.0) years, 29

patients were alive and 5 patients died. There were 4 late
mortalities (3 in the TVP group and 1 in the TVR group).
The causes of late mortalities in the TVP group were 2 heart
failures and 1 pneumonia. A 50-year-old woman without a
surgical history was diagnosed with l-TGA and significant
TR due to abnormal cusp and underwent TVP. She experi-
enced recurrent TR 20 years after TVP and finally died of
RV failure. A 1-year-old boy was diagnosed with l-TGA
and severe TR due to Ebstein-like dysplasia and underwent
TVP with ventricular septal defect closure. He underwent
TVR 1 month after TVP for recurrent TR causing severe
heart failure; however, he died of heart failure 1 month after
redo surgery. On the other hand, in the TVR group, a 2-year-
old boy with a history of the Senning operation at 6 months
of age for d-TGA underwent TVR using a mechanical
valve. However, he died of sudden death 2 years after
TVR. The overall survival at 10 years after tricuspid surgery
was 72.7%� 13.4% in the TVP group and 94.7%� 5.1%
in the TVR group (20 years, 72.7% � 13.4% in the TVP
group and 94.7% � 5.1% in the TVR group; 25 years,
54.6% � 18.7% in the TVP group and 94.7% � 5.1% in
the TVR group), and there were significant differences be-
tween the groups (P ¼ .0328, Figure 2, A).
There were 7 tricuspid valve dysfunctions including 6

significant TRs in the TVP group and 1 prosthetic valve
dysfunction in the TVR group. The cumulative incidences
of tricuspid valve dysfunction at 10 years after tricuspid sur-
gery was 27.3% in the TVP group and 0% in the TVR
group (20 years, 38.2% in the TVP group and 18.9% in
the TVR group), and there were significant differences be-
tween the groups (P ¼ .0121, Figure 2, B).
Of 7 patients with tricuspid valve dysfunction, 4 under-

went tricuspid valve-related reoperations; 3 patients in the
TVP group underwent TVR for recurrent TR (1 month,
8 months, and 22 years after the TVP), and 1 patient in
the TVR group underwent redo TVR concomitant with
mitral valvuloplasty and the Cox-Maze procedure due to a
severe pannus formation 18 years after the first TVR. The
cumulative incidence of tricuspid valve–related reoperation
at 10 years after tricuspid surgery was 18.2% in the TVP
JTCVS Open c Volume 15, Number C 385



TABLE 2. Operative results

Variable TVP group TVR group P value

Cardiopulmonary bypass time

(min)

127.9 � 41.3 150.0 � 71.0 .3544

Aortic crossclamp time (min) 67.4 � 35.2 103.4 � 49.5 .0421

Concomitant procedure,

n (%)

9 (82%) 14 (61%) .2714

Surgical ablation 2 (18%) 5 (22%) 1.0000

Atrial septal defect/patent

foramen ovale closure

3 (27%) 3 (13%) .3627

Pulmonary surgery 3 (27%) 2 (9%) .2999

Mitral surgery 3 (27%) 1 (4%) .0889

Ventricular septal defect

closure

3 (27%) 1 (4%) .0889

Left ventricle-pulmonary

artery conduit

replacement

0 (0%) 4 (17%) .2799

Pulmonary artery plasty 1 (9%) 0 (0%) .3235

Others 3 (27%) 2 (9%) .2999

Early mortality, n 1 (9%) 0 (0%) .3235

Late mortality, n 3 (27%) 1 (4%) .0889

TVP, Tricuspid valvuloplasty; TVR, tricuspid valve replacement.
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group and 0% in the TVR group (20 years, 18.2% in the
TVP group and 18.9% in the TVR group), and there were
no significant differences between the groups (P ¼ .1290,
Figure 2, C). Although there were 4 new cardiac resynchro-
nization therapy device implantations (1 in the TVP and 3 in
the TVR group), there was no new pacemaker implantation
for atrioventricular block or sick sinus syndrome. In the
TVR group, 1 patient with a history of atrial fibrillation
experienced cerebral infarction 17 days after TVR using
mechanical valve. There was no late bleeding or thrombotic
events related to anticoagulant therapy.

The latest echocardiography data were obtained from 7
patients in TVP group and 22 patients in TVR group.
Among 7 patients in the TVP group, 3 had tricuspid
valve-related reoperations and 3 had more than moderate
TR at the latest echocardiography. Therewere no significant
differences between groups (TVP vs TVR) in end-diastolic
diameter (52.0 [48.0-56.0] mm vs 52.5 [45.0-59.8] mm,
P ¼ .8813), end-systolic diameter (42.0 [36.0-43.0] mm
vs 41.0 [37.0-47.0] mm, P ¼ .6104), fractional shortening
(0.21 [0.20-0.24] vs 0.22 [0.16-0.25], P ¼ .6490), and frac-
tional area change (27.0% [23.9-27.1] vs 22.2% [19.8-
30.3], P ¼ .9263) of the systemic RV.

Comparison of Dextro-Transposition of the Great
Arteries and Levo-Transposition of the Great
Arteries

There were 9 patients with d-TGA and 25 patients with
L-TGA. There were no significant differences between
the groups in age, body weight, comorbidities, the
386 JTCVS Open c September 2023
proportion of male patients, Ebstein-like tricuspid
dysplasia, more than moderate TR, end-diastolic volume
of the RV, and cardiac index, whereas significant differ-
ences were found in the number of patients without a car-
diac surgical history and ejection fraction of the RV
(P ¼ .009, Table E1). Aortic crossclamp (d-TGA vs l-
TGA: 86 [68-126] vs 94 [51 vs 128], P¼ .9133) and cardio-
pulmonary bypass (124 [78-154] vs 138 [113-222],
P ¼ .2961) times were similar in both groups.

The overall survival at 10 years after tricuspid surgery
was 76.2% � 14.8% in the d-TGA group and 92.0% �
5.4% in the l-TGA group, and there were no significant dif-
ferences between the groups (P¼ .3107, Figure 3). The cu-
mulative incidence of tricuspid dysfunction at 10 years after
tricuspid surgery was 11.1% in the d-TGA group and 8.0%
in the l-TGA group, and there were no significant differ-
ences between the groups (P ¼ .7650, Figure E1). The cu-
mulative incidence of tricuspid valve-related reoperation at
10 years after tricuspid surgery was 11.1% in the d-TGA
group and 4.0% in the l-TGA group, and there were no sig-
nificant differences between the groups (P ¼ .6346,
Figure E1, B). The latest echocardiography revealed that
end-diastolic diameter (d-TGA vs l-TGA: 40.5 � 6.1 mm
vs 55.3 � 6.9 mm, P ¼ .0001) and end-systolic diameter
(32.9 � 5.5 mm vs 43.8 � 6.9 mm, P ¼ .0044) of the sys-
temic RVwere significantly larger in the l-TGA group in the
d-TG group, whereas fractional shortening (0.22 � 0.04 vs
0.21� 0.06, P¼ .7411) and fractional area change (29.3 �
9.2% vs 22.0 � 6.8%, P ¼ .1459) of the RV were compa-
rable between the group.
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FIGURE 2. Comparison of TVP and TVR. Comparison of TVP (blue line) and TVR (red line) showing overall survival (A), cumulative incidence of

tricuspid valve dysfunction (B), and cumulative incidence of tricuspid valve-related reoperation (C). A, The overall survival was 72.7% � 13.4%

(95% CI, 37.1%-90.3%) at 10 to 20 years after tricuspid surgery and 54.6% � 18.7% (95% CI, 16.0%-81.9%) at 25 years in the TVP group, whereas

that was 94.7%� 5.1% (95% CI, 68.1%-99.2%) at 10 to 25 years in the TVR group (P¼ .0285). B, The cumulative incidence of tricuspid valve dysfunc-

tion was 27.3% (95% CI, 6.5%-53.9%) at 10 years after tricuspid surgery, 38.2% (95% CI, 11.5%-65.2%) at 20 years, and 52.7% (95% CI, 18.1%-

78.7%) at 22 years in the TVP group, whereas that was 0% at 10 to 15 years and 18.9% (95% CI, 0.8%-56.1%) at 20 years in the TVR group. There

were significant differences between the groups (P ¼ .0121). C, The cumulative incidence of tricuspid valve–related reoperation was 18.2% (95% CI,

6.5%-53.9%) at 10 to 22 years after tricuspid surgery and 42.0% (95% CI, 7.4%-74.9%) at 23 years in the TVP group, whereas that was 0% at 10 to

15 years and 18.9% (95% CI, 0.8%-56.1%) at 20 years in the TVR group. There were no significant differences between the groups (P ¼ .1290). TVP,

Tricuspid valvuloplasty; TVR, tricuspid valve replacement.
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DISCUSSION
The systemic RV is frequently associated with late pro-

gressive TR, declining RV function, and consequently a
high incidence of adverse outcomes due to congestive heart
failure and eventually decreased survival.1-5 In the previous
studies, TVP provided poor results of a high incidence of
recurrent TR, and TVR was advocated despite a high
operative risk.7 In our study, we reviewed the surgical out-
comes of tricuspid surgery in patients with systemic RVand
compared the outcomes between TVP and TVR, as well as a
comparison of d-TGA and l-TGA. Figure 4 shows a graph-
ical abstract of the study.
Survival
RV function and TR are key determinants of clinical sta-

tus and long-term outcomes, especially in patients with sys-
temic RV. In addition, a preoperative low ejection fraction
below 40% and a large end-diastolic dimension were re-
ported to be a predictor of postoperative mortality in TVR
for patients with l-TGA.8-10 Although there are few
studies regarding RV function and TR in patients with
patients with d-TGA undergoing the atrial switch
operation, a large follow-up study on 468 atrial switch op-
erations in Sweden and Denmark5 concluded that long-
term survival in these patients is primarily determined by
tricuspid valve and RV factors, not the timing or type of
388 JTCVS Open c September 2023
surgery in childhood. In our study, of 4 late mortalities, 3
patients died of heart failure or sudden death and 2 of these
3 patients had postoperative significant recurrent TR, sug-
gesting that significant TR might have a relationship with
late mortality. The TVP group, which had a higher inci-
dence of postoperative significant recurrent TR, had signif-
icantly lower survival compared with the TVR group.
Although we could not identify a potential factor of late
mortality because of the small number of patients, a good
late outcome might be obtained from a favorable control
of TR.
Tricuspid Surgery
Tricuspid surgery is an exclusive measure to improve TR

and maintain RV function. Recent several studies proved
that tricuspid surgery in the early stage of RV dysfunction
could bring favorable short- and long-term out-
comes.7,8,11,12 As tricuspid surgery, TVP is not generally
recommended because of previous unsatisfactory out-
comes, such as a high incidence of recurrent TR in patients
with systemic RV dysfunction, whereas TVR was advo-
cated despite a high operative risk.7,10-14 Certainly, TVR
seems to have some operative risks because longer aortic
crossclamp time and 2 bleeding events were found in the
TVR group of our study; however, there was no early
mortality in the TVR group.



Retrospective study
• April 1979-April 2022
• 34 patients with d- or l-TGA with systemic right
  ventricle undergoing tricuspid valve surgery
• TVP (n = 11) vs. TVR (n = 23).
• Comparison in survival and tricuspid valve
  dysfunction

TGA = Transposition of the great arteries; TVP = Tricuspid valvuloplasty; TVR = Tricuspid valve replacement

Which is the favorable procedure in patients with systemic right ventricle and biventricular circulation
system? TVP or TVR?

Tricuspid valve replacement provided better long-term survival and tricuspid function in patients with systemic
right ventricle and biventricular circulation compared to tricuspid valvuloplasty.
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Although the cumulative incidence of tricuspid valve–
related reoperation was not significantly different between
the groups, the cumulative incidence of tricuspid valve
dysfunction was significantly higher in the TVP group in
our study. In the TVP group, 6 patients experienced signif-
icant TR: Two patients eventually died of heart failure (1 of
2 underwent TVR), 2 patients underwent TVR, and 2 pa-
tients are outpatients with significant TR. Thus, more than
half of the TVP group seemed to be associated with signif-
icant recurrent TR. Similar results were seen in the report by
Deng and colleagues,10 where recurrent TR, defined as
above mild degree, was observed in 60% of patients under-
going TVP. TVP is challenging in some patients with
systemic RV due to tethering and plastering. More than
mild tethering seems to predict a high rate of residual
TR15 and might be a reason to replace a valve because
this cannot be treated with annuloplasty alone. Ebstein-
like tricuspid dysplasia such as plastering is occasionally
found in patients with l-TGA and makes it more difficult
to complete TVP. Myers and colleagues16 reviewed TVP
in younger groups with l-TGA with Ebstein-like dysplasia
of tricuspid valve undergoing anatomic repair and
concluded that valvuloplasty should be considered for sig-
nificant TR associated with Ebstein-like dysplasia. Howev-
er, because this report included the tricuspid valve in the
pulmonary RV, the same outcomes might not be applied
JTCVS Open c Volume 15, Number C 389
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to patients with systemic RV. In our study, TVP was per-
formed in only 1 patient with Ebstein-like tricuspid
dysplasia; however, the patient underwent TVR 1 month af-
ter TVP. In recent years, we have performed TVR in pa-
tients with systemic RV and Ebstein-like tricuspid
dysplasia.

Comparison of Dextro-Transposition of the Great
Arteries and Levo-Transposition of the Great
Arteries

Because underlying pathological mechanisms between
d-TGA and l-TGA are not basically the same, the postoper-
ative course including RV function and the mode of TR also
seem to be different. Previous studies showed that the clin-
ical course of d-TGA and l-TGA showed similarities in RV
dysfunction and the mode of TR, although most studies
focused on 1 group, making an accurate comparison diffi-
cult.14,17-19 Morcos and colleagues19 showed that l-TGA
and d-TGA patients had similar RV size and shape, whereas
global RV function was lower in d-TGA than l-TGA using
ejection fraction and normalized tricuspid annular systolic
plane excursion. In our study, the preoperative ejection frac-
tion of the RV by angiography was significantly lower in the
d-TGA group, whereas the postoperative RV size was
significantly larger in the l-TGA group compared with the
d-TGA group, and the postoperative RV function was
similar between the groups. Because both groups have a
small number of patients making bias in comparison,
more patients and further studies will be required.
Regarding survival and recurrence of TR, Koolbergen and
colleagues14 compared l-TGA and d-TGA patients and
showed no difference in the composite end point of survival
or recurrence of TR. Our study also showed similar out-
comes: no significant differences between d-TGA and l-
TGA patients in survival and tricuspid valve-related
reoperation.

Limitations
This study was a retrospective, single-center study.

Because of the rarity, the number of patients was not enough
for an accurate group comparison. Significant differences
were identified in terms of survival and tricuspid dysfunc-
tion between the groups; however, it is necessary to validate
these findings through additional studies, such as a propen-
sity score–matched analysis conducted in a larger multi-
center study. Although both d-TGA and l-TGA patients
have the RVas a systemic ventricle, these pathological con-
ditions were different. Because this was a long and wide
retrospective study, our study also included bias regarding
postoperative management, surgical techniques, and un-
common surgical strategies. The comparison of RV dimen-
sion and function between TVP and TVR was inaccurate
because some patients in the TVP group died or underwent
TVR.
390 JTCVS Open c September 2023
CONCLUSIONS
TVR provided better long-term survival and tricuspid

function in patients with systemic RV compared with
TVP, and postoperative significant TR was found in more
than half of the patients in the TVP group. Significant differ-
ences between d-TGA and l-TGAwere found in the size of
the RV, whereas there were no significant differences in sur-
vival, tricuspid function, and RV function.
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FIGURE E1. Comparison of d-TGA (blue line) and l-TGA (red line) showing (A) cumulative incidence of tricuspid dysfunction and (B) cumulative inci-

dence of tricuspid valve–related reoperation. A, The cumulative incidence of tricuspid dysfunction was 11.1% (95% CI, 0.6%-38.8%) at 10 to 20 years

after tricuspid surgery in the d-TGA group, whereas that was 8.0% (95%CI, 1.4%-22.5%) at 10 to 15 years after tricuspid surgery, 27.6% (95%CI, 7.2%-

53.2%) at 20 years, and 54.9% (95% CI, 19.2%-80.5%) at 25 years in the l-TGA group. There were no significant differences between the groups

(P¼ .7650). B, The cumulative incidence of tricuspid valve–related reoperation was 11.1% (95%CI, 0.6%-38.8%) at 10 to 20 years after tricuspid surgery

in the d-TGA group, whereas that was 4.0% (95% CI, 0.3%-17.0%) at 15 years after tricuspid surgery, 13.2% (95% CI, 1.8%-36.3%) at 20 years, and

27.0% (95%CI, 5.0%-56.3%) at 25 years in the l-TGA group. Therewere no significant differences between the groups (P¼ .6346). TGA, Transposition of

the great arteries; d-TGA, dextro-transposition of the great arteries; l-TGA, levo-transposition of the great arteries.
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TABLE E1. Characteristics of patients with dextro-transposition of the great arteries and levo-transposition of the great arteries

Variable d-TGA l-TGA P value

Patient number, n 11 23

Age (y) 33 (10-36) 23 (15-32) .6563

Male, n (%) 5 (45%) 15 (65%) 1.0000

Body weight (kg) 53.3 � 16.3 44.7 � 18.2 .2844

Without history of cardiac surgery 0 (0%) 17 (74%) .0009

Time from the functional repair (y) 14.8 (7.3-22.6) 23.8 (11.7-35.3) .3361

Comorbidity

Hypertension 2 (18%) 6 (26%) .1648

Dyslipidemia 0 (0%) 0 (0%) —

Hyperuricemia 1 (9%) 2 (9%) .5488

Chronic renal failure (creatinine>2 mg/dL) 0 (0%) 0 (0%) —

Cerebrovascular disease 1 (9%) 0 (0%) .2467

Arrhythmia 5 (45%) 13 (57%) 1.0000

Ebstein-like tricuspid dysplasia 0 (0%) 5 (22%) .2933

Tricuspid valve regurgitation

Mild-moderate 1 (9%) 0 (0%) .2467

Moderate 4 (36%) 9 (39%) .7041

Severe 6 (55%) 14 (61%) 1.0000

Catheter study

Right ventricular end-diastolic volume (% of normal) 121 (108-145) 139 (121-190) .2340

Right ventricular ejection fraction 42.7 (40.6-46.0) 47.4 (45.3-57.0) .0254

Cardiac index 2.7 (2.5-2.9) 2.9 (2.5-3.1) .7383

d-TGA, Dextro-transposition of the great arteries; l-TGA, levo-transposition of the great arteries.
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